It has been reported that high-risk human papillomavirus (HPV) is a causative agent of a subgroup of oropharyngeal carcinomas. In these tumors, the presence of the transcriptionally active HPV has been proved through the identification of HPV E6 or E7 messenger RNA (mRNA) transcripts. The aim of the study was to assess the HPV-active transcription in a series of sinonasal carcinomas, in correlation with the HPV DNA identification and the p16 immunohistochemistry. Seventy patients with squamous cell carcinomas of the sinonasal tract were included in the survey. The main clinicopathological characteristics were recorded. All tumors were investigated for HPV through the HPV DNA detection by PCR, using the SPF10 primers and by in situ hybridization, using the high-risk GenPoint probe (Dako, Glostrup, Denmark). HPV16 E7 mRNA transcripts detection was performed by RT-PCR in 27 cases. The immunostaining for p16 was performed in all cases. Fourteen carcinomas (20%) were positive for high-risk HPV by PCR: 13 HPV16 and one HPV35. In situ hybridization showed a dotted nuclear positivity in all these cases. HPV16 E7 mRNA was detected in seven tumors harboring HPV16; in the remaining HPV-positive cases, RNA did not reach the quality for analysis. Strong, diffuse positivity for p16 was observed only in the HPV-positive cases. The 14 HPV-positive squamous cell carcinomas were non-keratinizing or scarcely keratinizing tumors. No significant differences were found in terms of gender, age, or staging at diagnosis between HPV-positive and HPV-negative tumors. However, differences in disease-free survival and overall survival between both groups of patients were significant (P ¼ 0.004 and P ¼ 0.028, respectively). In conclusion, we have shown that HPV is the etiological agent of a subset of sinonasal carcinomas demonstrating the transcriptionally active HPV in these tumors. Immunostaining for p16 can be used as a surrogate marker to identify these tumors.
High-risk human papillomavirus (HPV) has been etiologically associated with a subgroup of squamous cell carcinomas of the head and neck. The prevalence of the HPV-associated squamous cell carcinomas in this area mainly depends on the anatomic location: they are unusual in the larynx and oral mucosa and are frequent in the oropharynx. [1] [2] [3] Over the past few years, the clinical importance of detecting these HPV-associated squamous cell carcinomas in the head and neck region has been stressed, and the HPV assessment is already recommended in the pathological evaluation of oropharyngeal squamous cell carcinomas by the American Joint Committee on Cancer. 4 The HPV-associated squamous cell carcinomas are a biologically different entity from HPV-negative squamous cell carcinomas. They usually are non-keratinizing or scarcely keratinizing and may have the morphology of a poorly differentiated or basaloid squamous cell carcinoma, with high-proliferative scores. However, in spite of these apparently poor prognostic histological characteristics, these tumors present a very good response to therapy adjuvant to surgery, such as radiotherapy and chemotherapy, even when they are diagnosed at advanced stages. [5] [6] [7] [8] This fact has a great relevance for squamous cell carcinomas of the sinonasal tract, where adjuvant therapy is usually required to treat the tumors, because of the complexity of the region anatomy that makes extensive surgery difficult in a large number of cases. However, it has been shown that HPV detection in squamous cell carcinomas is clinically and prognostically relevant only in those cases in which the virus is transcriptionally active. 9 HPV causes malignant transformation of keratinocytes through the expression of the oncoproteins E6 and E7. The HPV E6 protein forms a complex with an ubiquitin ligase (E6-associated protein), and ubiquinates the p53 tumor-supressor protein. The HPV E7 protein binds to the cullin 2 ubiquitin ligase complex and ubiquitinates the retinoblastoma tumor-suppressor protein (pRb). Because of the absence of pRb function, the E2F family of transcription factors is released, leading to S-phase genes transcription and cell proliferation. 10 The detection of HPV E6 or E7 messenger RNA (mRNA) is considered the gold standard in identifying the transcriptionally active HPV infection. 9, 11 This identification permits confirmation that the HPV is the causative agent of the neoplasm, and has been previously reported in oropharyngeal carcinomas. 9, 12, 13 In the sinonasal tract, previous studies performed by us and others have identified the presence of high-risk HPV DNA in about 20% of squamous cell carcinomas, in more than 90% of cases corresponding to HPV16. 7, [14] [15] [16] In this study, we correlate the results of different techniques employed to detect HPV in a series of sinonasal squamous cell carcinomas, including the HPV16 E7 mRNA transcripts detection, with the aim of confirming the HPV as a causative agent of these neoplasms. In addition, we want to establish p16 immunostaining as a surrogate marker of this infection.
Materials and methods

Patients
The study was approved by the Hospital Clinic Institution Internal Review Board. All cases diagnosed as squamous cell carcinoma of the sinonasal tract in the Hospital Clinic from 1985 to 2010 were included in the survey. Tumor site and stage were determined from the review of the operative, radiology, and pathology reports. Tumors originating in the nasal vestibule were excluded. Tumor stage was assigned by using the 2010 American Joint Committee on Cancer staging criteria. 4 
Tumor Specimens
All tissues had been routinely fixed in 4% buffered neutral formalin and embedded in paraffin. Review of hematoxylin and eosin (H&E)-stained slides of tumor specimens was performed, and they were classified and graded according to the 2005 World Health Organization classification for Head and Neck tumors. 17 In all cases, a representative block of the invasive carcinoma was selected for immunohistochemistry, in situ hybridization, and DNA analyses. RNA analyses were performed in 27 cases corresponding to all HPV-positive tumors (14) and 13 HPV-negative tumors diagnosed the last 5 years.
Tissue Preparation
Formalin-fixed, paraffin-embedded samples were serially sectioned on a microtome. The first and last sections (4 mm thick) were stained with H&E for histological confirmation of tumor presence. In-between sections (10 mm thick) were collected in RNAase-free reaction tubes (one for DNA isolation and one for RNA isolation). Sectioning and sample preparation were carried out with the highest measures to avoid contamination and crosscontamination.
RNA Isolation
RNA was isolated by digestion of deparaffinized sections in 0.1 mg/ml proteinase K solution overnight at 52 1C, followed by RNA extraction with TRIzol reagent (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's protocol. The final RNA pellet was washed twice with 200 ml of 70% ethanol, air-dried and re-suspended in 20-50 ml of RNAse/DNase-free water. RNA yields were quantified spectrophotometrically using the Nanodrop ND-1000 (Isogen Life Science, IJsselstein, the Netherlands).
Reverse Transcriptase-PCR
Before reverse transcriptase-PCR, analysis RNA samples were RQ1-DNAse-treated according to the manufacturer's recommendations (Promega, Leiden, the Netherlands). Subsequently, reverse transcription using AMV RT (Promega) of RNA into cDNA was performed essentially as described before. 18 A reaction without RT was run in parallel for each specimen to control for DNA contamination. To assess the quality of all RNA specimens, RT-PCR for the housekeeping gene encoding the U1 small nuclear ribonucleoprotein-specific A protein (snRNP U1A, 215 bp) was performed. Primers, annealing temperature and amplicon length are listed in Table 1 .
DNA Extraction
Ten-micrometer-thick sections of formalin-fixed, paraffin-embedded tissues were cut using the sandwich technique, which implies that the first and last sections are stained with H&E and used to confirm the adequacy of the sample, whereas the central sections are used for DNA extraction. The microtome blade was replaced after each case. A vacuum cleaner was used to avoid cross-contamination between paraffin blocks. The tissue sections were digested with proteinase K in a volume of 250 ml at 56 1C overnight. Proteinase K was heat inactivated at 95 1C for 10 min. A 1/10 dilution of the sample was used for PCR (10 ml).
PCR
A broad-spectrum HPV DNA amplification was performed using the short PCR fragment (SPF10) primer set (Innogenetics Diagnostica, Spain). The SPF10 primers amplify a 65-bp fragment from the L1 region of the HPV genome. For HPV amplification, a 9-min denaturation step at 94 1C was followed by 40 cycles of amplification using 1.5 IU DNA polymerase (Amplitaq Gold DNA polymerase, Applied Biosystems) with a thermocycler (GeneAmp 9700, Applied Biosystems). These cycles included denaturation at 94 1C for 30 s, primer annealing at 52 1C for 45 s, and chain elongation at 72 1C for 45 s. The final elongation step was prolonged by 7 min.
Amplification products were first tested for the presence of HPV DNA by DNA enzyme-immunoassay (DEIA), which consists of hybridization with conserved probes in a microtiter-plate assay format (Universal DNA ELISA kit, Labo Bio-medical Products, BV Rijswick, the Netherlands). SPF10 amplimers from DEIA-HPV-positive samples were subsequently analyzed by reverse hybridization in an HPV line-probe assay LiPA 25 system version 1 (Labo Bio-medical Products) at high stringency, generating a type-specific hybridization pattern. In this assay, 10 ml of denatured HPV PCR product was hybridized to the genotype-specific probes immobilized as parallel lines on a nitrocellulose strip. After the washing step, the products of hybridization were detected by a color reaction with alkalinephosphatase-streptavidin conjugate and substrate (5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium), which results in a purple precipitate. The results of the hybridization were assessed visually by comparing to the standard grid. The HPV LiPA 25 To confirm DNA amplification, a second PCR using primers for b-globin was conducted with primers b-globin-PCO3 and b-globin-PCO5.
In Situ Hybridization
High-risk HPV was detected using the in situ hybridization catalyzed signal amplification method for biotinylated probe that covers several high-risk HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 (GenPoint HPV Probe Cocktail, Dako). Briefly, 5 mm tissue sections were deparaffined and, after heat-induced target retrieval in citrate buffer and digestion with proteinase K (Dako), were hybridized with the biotinylated probe. Signal detection was obtained by consecutive application of streptavidinhorseradish peroxidase complex and biotinyl tyramide. Hybridization was revealed by incubation with the chromogenic substrate diaminobenzidine.
The result was considered positive was considered when punctate nuclear brown signals were seen in the neoplastic cells.
Immunohistochemistry
Immunohistochemical study for p16 was done with the automated immunohistochemical system TechMate 500 s (Dako), using the EnVision system (Dako) following previously reported protocols. 19 p16 was detected using a monoclonal antibody (clone JC8, Biocare Medical, Walnut Creek, CA, USA; dilution 1:100, antigen retrieval with pressure cooker and 1 mM ethylenediaminetretraacetic acid, pH 8.0, 2 min).
Positivity for p16 was considered only when strong and diffuse cytoplasmic and nuclear staining was observed in all basal and suprabasal cells in all tumor nests.
Statistical Analyses
The results of quantitative variables are given as mean values and range. Qualitative variables are given as absolute and relative frequencies (percentages). Data were analyzed with the SPSS statistical package (version 15.0; SPSS, Chicago, IL, USA). Comparison between qualitative variables was performed through Fisher's exact test. Differences in quantitative variables were analyzed with Student's t-test. All statistical tests were two-sided, and significance was considered with an a-risk of 0.05. Overall survival was defined as the time from the date of registration to the date of death or to the last date of follow-up. Disease-free survival was defined as the time from registration to local recurrence or metastasis. Death without documented progression was censored at the date of death. Survival data were analyzed by the Kaplan-Meier method, and survival curves were compared by using the log-rank test.
Results
HPV Detection and Immunohistochemistry
By PCR, 14 out of 70 tumors (20%) were HPV SPF10/DEIA positive, whereas the remaining 56 tumors were negative. In 13 out of 14 positive tumors (93%), a HPV type 16 was detected. One tumor (7%) harbored a HPV type 35.
Reverse transcriptase-PCR analysis, performed in 27 cases, revealed HPV16 E7 mRNA expression in 7 HPV16-positive cases by PCR (Figure 1 ). Ten out of thirteen HPV-negative tumors did not expressed HPV16 E7 mRNA. In the remaining seven HPVpositive and three HPV-negative cases, U1A control was negative, therefore RNA did not reach the quality for appropriate mRNA analysis.
By in situ hybridization, high-risk HPV DNA was detected in all 14 tumors positive by PCR. In all the cases, positivity was observed in the nuclei of the tumor cells and always showed a punctate dot pattern (Figure 2 ). The positive staining ranged from a single dotted signal to abundant dots into the neoplastic nuclei. All HPV-negative tumors by PCR were also negative for in situ hybridization. All 14 cases positive for HPV by PCR and in situ hybridization showed strong, diffuse p16 immunostaining in the cytoplasm and nuclei of the neoplastic cells (Figure 2 ). In spite of some HPV-negative tumors showing a patchy or focal positivity for p16, no strong, diffuse immunostaining was seen in these cases. Thus, immunostaining for p16 had a specificity and sensitivity of 100% for the identification of HPV-positive cases.
Clinicopathological Characteristics of the Patients at Diagnosis
Fifty-one out of the seventy tumors (73%) arose in males and nineteen (27%) in females. The median age was 63.6 (range 40-93) years. The clinical and pathological characteristics of the patients with HPV-positive and -negative tumors are shown in Table 2 . No significant differences were found in terms of age and gender between patients with HPV-positive or -negative tumors. At diagnosis, 37 tumors (53%) involved both the nasal and the paranasal structures. It was not possible to determine in these tumors the exact anatomical origin of the lesion. Among the remaining tumors, the HPVpositive carcinomas arose more frequently in the nasal cavity (4 out of 6), whereas HPV-negative neoplasms involved preferably the maxillary sinuses (20 out of 27), but the differences were not statistically significant (P ¼ 0.146).
Histologically, 49 tumors (70%) were conventional keratinizing squamous cell carcinomas; 14 tumors were non-keratinizing squamous cell carcinomas (20%); 5 tumors were basaloid squamous cell carcinomas (7%); and 2 tumors were papillary squamous cell carcinomas (3%). Among the 14 HPV-positive tumors, 8 were non-keratinizing squamous cell carcinomas; 2 were basaloid squamous cell carcinomas; 2 were papillary squamous cell carcinomas; and 2 were conventional keratinizing squamous cell carcinomas (both poorly differentiated and scarcely keratinizing; Figure 2 ). The histological differences between HPV-positive and -negative squamous cell carcinomas were statistically significant (P ¼ 0.001).
Fourteen squamous cell carcinomas developed from a sinonasal inverted papilloma. In 12 cases, areas of inverted papilloma were identified simultaneously with the squamous cell carcinoma. In two cases, the inverted papilloma had been previously excised, and no remnants of the benign lesion were identified. Only one of the carcinomas developing on sinonasal inverted papilloma was positive for HPV16.
In all, 24 carcinomas were stage IV (36%); 21 were stage III (28%); 18 were stage II (26%), and 7 were stage I (10%). No differences in tumor staging at diagnosis were identified between HPV-positive and -negative carcinomas (P ¼ 0.931).
Treatment and Survival Analyses
All patients were treated with surgical excision of the tumor and local radiotherapy as standard treatment, with the exception of seven stage I tumors that did not receive radiotherapy. Chemotherapy was added to all 24 patients with stage IV tumors and to additional 7 patients who developed metastases during the follow-up.
Mean disease-free survival in the HPV-positive group was 65.8 months (±9.8 standard error), whereas in the HPV-negative group was 30.47 months ( ± 4.9 standard error). These results were statistically significant (P ¼ 0.004). Mean overall survival in the HPV-positive group was 156.8 months ( ± 47.2 standard error), whereas in the HPV-negative group was 72 months (±12.3 standard error). These results were also statistically significant (P ¼ 0.028).
Discussion
In this study, we show a good correlation between the different techniques employed to detect HPV in a series of sinonasal squamous cell carcinomas. We have been able to detect HPV16 E7 mRNA transcripts expression in a subset of carcinomas, which confirms the etiological role of high-risk HPV in the development of these tumors.
By PCR, using the SPF10 probe, we have determined that 13 out of 14 positive cases (93%) harbored HPV16, as also occur in oropharyngeal HPV-positive carcinomas. 2 HPV DNA detection by PCR permits the identification of the involved HPV subtype and is a highly sensitive method. However, some authors have found low specificity using this technique due to the occasional presence of transcriptionally inactive viral DNA. 9, 20 In our series, in all the HPV-positive cases by PCR we have visualized the DNA HPV into the neoplastic nuclei through in situ hybridization using a high-risk HPV cocktail probe. The HPV DNA detection through in situ hybridization allows the detection and visualization of the viral DNA in the tumor nuclei. The pattern of positivity may distinguish between episomal (extrachromosomal) and integrated forms. In the former situation, there is diffuse positivity, whereas in the latter, there is punctate, dotted positivity, which we have demonstrated in all of the HPV-associated squamous cell carcinomas. This technique must be considered positive even when few nuclear signals are seen. 21 In spite of being a very specific technique, no information about the active HPV transcription is given. 20 The importance of detecting HPV-positive squamous cell carcinomas is due to the relevant clinical and prognostic implications associated with this infection. HPV-positive tumors are highly responsive to radiotherapy and chemotherapy, and have better prognosis compared with HPV-negative squamous cell carcinomas. [5] [6] [7] [8] However, these clinical and prognostic implications are restricted to those tumors in which the HPV is transcriptionally active. In this study, we have showed significant differences in disease-free survival and overall survival between patients with HPV-positive and HPV-negative tumors (P ¼ 0.004 and P ¼ 0.028, respectively).Thus, the identification of the mRNA for the viral oncoproteins E6 and E7 has been proposed as the gold standard to detect the squamous cell carcinomas oncogenically related to HPV. 18 Recently, an HPV E6/E7 mRNA in situ hybridization assay has been developed and proved useful in detecting the HPV-associated squamous cell carcinomas of the oropharynx. 12, 13 Squamous cell carcinomas associated with highrisk HPV infection have a different tumor biology compared with other head and neck squamous cell carcinomas. 11 The integration of high-risk HPV DNA into the host cell leads to a disruption of the viral gene E2, which results in a loss of its function. One of the functions of this gene is the regulation of the transcription of the oncoproteins E6 and E7. In consequence, there is an overexpression of E6 and E7. 11, 22 These oncoproteins have a role in cell transformation and immortalization, through binding and inactivation of TP53 and Rb tumor-supressor gene products, respectively. 23 Consequently, there is a deregulation of two crucial cellular mechanisms, the cell cycle and the apoptotic pathway, which is the basis of the HPV-induced carcinogenesis. The cell-cycle protein p16, encoded by the CDKN2A (INK4A, MTS1) tumor-suppressor gene, decelerates the cell cycle through the retinoblastoma pathway. In HPV-associated carcinogenesis, the inactivation of Rb by the viral gene E7 results in a marked overexpression of p16 protein. This overexpression has been extensively documented in HPV-positive carcinomas of the uterine cervix, vulva, penis, and anorrectal region, 19, 24 as well as in the head and neck region. 25, 26 Our study confirms that p16 immunostaining can be considered a surrogate marker of high-risk HPV infection in squamous cell carcinomas of the sinonasal region. Conversely, some studies on oropharyngeal carcinomas have observed that a small number of p16-positive cases do not harbor HPV DNA. 18, 27 This finding has been attributed either to a low sensitivity of the technique used to detect HPV DNA as well as to the presence of other mechanisms resulting in p16 overexpression regardless of HPV infection. It should be stressed that only strong, diffuse nuclear, and cytoplasmic positivity involving basal and parabasal cells should be considered as positive reaction for p16. Patchy or irregular staining patterns should be considered negative for HPV identification purposes. 9, 18, 20, 28 This study confirms that the sinonasal region is, after the oropharynx, the second most prevalent anatomical site of the head and neck region for HPVpositive squamous cell carcinomas, in agreement with previously published studies by our group and others. 7, [14] [15] [16] In our series, most HPV-positive squamous cell carcinomas arose in the nasal cavity, whereas most HPV-negative squamous cell carcinomas arose in the maxillary sinuses. Two different hypotheses have been proposed to account for this finding. First, it is known that HPV is transmitted from one individual to another through direct contact, and nasal cavities are easily accessible. On the other hand, mucosal junctions or squamocolumnar transitions, such as the cervix and the anal canal, are prone to develop HPV-related squamous lesions and squamous cell carcinomas. These anatomical sites are usually associated with chronic inflammation and deregulated expression of soluble and cell membrane factors important for antiviral immune response. 29 Interestingly, the vast majority of the HPV-positive squamous cell carcinomas in our series appeared de novo, and only one case developed from a sinonasal papilloma. Conversely, most squamous cell carcinomas arising from sinonasal inverted papilloma were HPV negative. There are some controversies in the literature about the relationship between the sinonasal papillomas and HPV, especially types 6 and 11, which are rarely detected. 30 Most HPV-positive squamous cell carcinomas in our series were of the non-keratinizing type, two cases had the morphology of squamous basaloid carcinoma and two were papillary squamous cell carcinoma. 17 However, two cases had the morphology of poorly differentiated conventional keratinizing squamous cell carcinoma. Similar histological characteristics have been described in oropharyngeal squamous cell carcinomas associated with HPV. 31, 32 It has become essential to reclassify the head and neck squamous cell carcinomas based on their association with HPV for determining the prognosis and patient management, instead of using the purely morphological classification. 33 In conclusion, we confirm in this study that highrisk HPV are etiologically involved in 20% of squamous cell carcinomas of the sinonasal tract. P16 immunostaining must be considered a surrogate marker in identifying these tumors.
We propose here a diagnostic algorithm to detect the sinonasal squamous cell carcinomas associated with high-risk HPV. Standard histology combined with p16 immunohistochemistry must be used in a first screening step. Later, specific techniques to confirm HPV, such as PCR or in situ hybridization can be performed in the p16-positive cases.
